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ABSTRACT
JASPARisthemostcompleteopen-accesscollection
15 oftranscriptionfactorbindingsite(TFBS)matrices.In
thisnewrelease,JASPARgrowsintoameta-database
of collections of TFBS models derived by diverse
approaches. We present JASPAR CORE—an expan-
ded version of the original, non-redundant collection
20 of annotated, high-quality matrix-based transcription
factor bindingprofiles,JASPARFAM—acollection of
familial TFBS models and JASPAR phyloFACTS—a
set of matrices computationally derived from statist-
ically overrepresented, evolutionarily conserved
25 regulatory region motifs from mammalian genomes.
JASPAR phyloFACTS serves as a non-redundant
extension to JASPAR CORE, enhancing the overall
breadth of JASPAR for promoter sequence analysis.
The new release of JASPAR is available at http://
30 jaspar.genereg.net.
INTRODUCTION
Methods for computational discovery and analysis of regulat-
ory sequences are becoming increasingly important for the
interpretation of genome and transcriptome data. Reliable pre-
35 diction of cis-regulatory elements is critically dependent upon
access to high-quality models for the binding speciﬁcity of
transcription factors (TFs) (1). These models are predomin-
antly deﬁned by ungapped alignments of bona ﬁde TF binding
sites (TFBSs), summarized as count matrices (also referred to
40 as matrix proﬁles) (2).
The JASPAR database, the largest open-access collection of
TFBS matrix proﬁles, is used as a fundamental component
within a growing number of bioinformatic tools (3–8). The
initial release of the JASPAR database (9) contained a collec-
45 tion of extensively curated, non-redundant proﬁles collected
from published collections of TFBS from multicellular euka-
ryotes. Those high-quality proﬁles remain the collection of
choice for the detection of putative binding sites resembling
target sequences of known TFs.
50 Since laboratory-based elucidation of bona ﬁde TFBSs is
time-consuming and labor-intensive, only a fraction of all TFs
have a deﬁned binding proﬁle. Based on the slow inﬂux of
conclusively validated data, expansion of the curated JASPAR
binding proﬁles is lethargic. In the meantime, binding model
55 collections based on other approaches, such as in silico pattern
discovery, have emerged. While researchers may prefer to use
highly curated proﬁles from bona ﬁde TFBSs, the new col-
lections offer great utility for genome-scale analysis. Com-
pared with the original JASPAR collection, such datasets will
60 differ both in terms of methods used for generation as well as
in the level of biological evidence. They should therefore not
be indiscriminately added to the collection, but are neverthe-
less valuable for the exploration of the content of regulatory
regions. To address the need and desire for access to a broader
65 range of binding proﬁles, we present an expansion of JASPAR
into a meta-repository for TF binding proﬁles, within which
proﬁles are divided into distinct subsets that differ in data
generation methodology.
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In this release, JASPAR contains three distinct subsets
(Table 1):
5 JASPARCORE.Thiscollectioncorrespondstoanexpansionof
theoriginalsetofJASPARprofiles.The123bindingmodelsin
JASPAR CORE are non-redundant and based on experimen-
tally defined TFBSs from published reports, subject to scruti-
nous curation. Methods used for collection and alignments are
10 described previously (9). In this release, names of some of the
profileschangedtomatchtheofficialHGEDorMGEDsymbols
of the corresponding TFs where applicable; their JASPAR IDs
were not changed.
JASPAR FAM. The JASPAR FAM partition houses familial
15 binding profiles (also referred to as ‘consensus profiles’) for
11 major structural classes of factors. The collection facilitates
prediction of TF binding domain structures based on profile
informationalone(10).Thesemodelsareespeciallysuitablefor
gene- and genome-wide exploratory searches in cases where
20 thereisnopriorknowledgeofcognatefactors.Asonlyafraction
of TFs are well characterized, factor-specific profiles are lack-
ing formostTFs.The familial models inJASPARFAM canbe
usedasproxyprofilesforuncharacterizedTFswithinTFstruc-
turalfamiliesknowntobindsimilartarget sequences.Thecon-
25 struction and application of familial binding profiles is
described in Ref. (10).
JASPARphyloFACTS.Thisnewsubsetofthedatabasecontains
asetofmatricesthatarederivedfromevolutionarilyconserved
sequences in the regulatory regions of mammalian genes. The
30 profiles were based on a recent comprehensive systematic sur-
vey of regulatory motifs (11), which used the phylogenetic
relationship between human, mouse, rat and dog to discover
conserved and overrepresented sequence motifs in the region 2
kbupstreamanddownstreamfromtheRefSeq-basedtranscrip-
35 tion start site of human genes. To construct the 174 matrix
models, we scanned multiple sequence alignments from
Ref. (11) for the conserved motifs reported in the paper and
usedthedetectedsitestoderivematricesthatcanberegardedas
common mammalian matrix profiles. The resulting matrices
40 represent numerous putative binding sites, providing poten-
tially high-matrix granularity. We compared the 174 phylo-
FACTS matrices to the existing matrices in the JASPAR
CORE using Pearson correlation coefficient (PCC) as a mea-
sureformatrixsimilarity.Intotal,similarityhigherthan0.8(an
45 empirical value PCC often used to indicate strong correlation)
was observed for 27% of the JASPAR CORE mammalian
matrices. Inspection of this significant, but limited overlap
indicates that potential binding sites for many TFs computa-
tionally detected in Ref. (11) have not been experimentally
50 characterized to date; on the other hand, their computational
method is unable to detect many of the experimentally verified
binding sites from JASPAR CORE that either have low infor-
mation content or are predominantly found in long-range
enhancers. This and the validation procedure (see below)
55 strongly indicate that the JASPAR phyloFACTS and CORE
sets complement each other.
COMBINATION OF JASPAR CORE AND
phyloFACTS DATABASES ENHANCES BINDING
60 SPACE COVERAGE
We wanted to assess the predictive power of the combination
of phyloFACTS and JASPAR CORE, and to compare the
coverage of the union against the coverage of vertebrate subset
of the JASPAR CORE itself, as well as the TRANSFAC
65 database (version 8.4) (12). Co-regulated gene expression is
a consequence of the co-occurrence of similar features, such
as common TFBSs, in the promoter regions of a gene set. If a
collection of matrix proﬁles contains relevant data for these
features, we should be able to distinguish a set of co-regulated
70 genes from a random set. We compiled two sets of co-
regulated genes: one set of 16 genes known to be important
in the Wnt signalling pathway and a set of 20 histone genes
[the results on the Wnt dataset are explained in more detail in
P.J. de Bleser et al. (submitted for publication)]. By applying a
75 feature selection and classiﬁcation procedure described in
detail in Supplementary Data, we were able to show that
the use of JASPAR CORE/phyloFACTS increases both spe-
ciﬁcity and sensitivity of predictions compared with either
JASPAR CORE alone, or with TRANSFAC. The comple-
80 mentarity of JASPAR CORE and phyloFACTS is further
shown in the selection of matrix proﬁles used as classiﬁcation
attributes. Of the four chosen attributes for the Wnt dataset,
two are from JASPAR CORE and two are from phyloFACTS.
One of the selected matrices of phyloFACTS (JASPAR ID:
85 PF0073) comprises a motif that is associated with the TF Lef1,
known to be essential in the Wnt signalling pathway. This
motif is absent from the attributes selected by either JASPAR
CORE or TRANSFAC. For the histones, the 44 selected
attributes are evenly distributed between the two matrix
90 sets (20 from JASPAR CORE and 24 from phyloFACTS),
Table 1. Summary of the database components
Data collection JASPAR CORE JASPAR FAM JASPAR phyloFACTS
Keywords Non-redundant, literature
curated models (9)
Meta-models for
structural classes
of TFs (10)
Data-mined profiles using
phylogenetic pattern
finding (11)
Number of models 123 11 174
Mean information content (bits) 12.1 8.1 15.6
Mean profile sequence depth 33.9 100
a 1598.5
Number of structural TF classes 26 11 NA
b
Anonymous MySQL access
c JASPAR_CORE_2005 JASPAR_FAM_2005 JASPAR_PHYLOFACTS_2005
aThe sequence depths for the meta-models in JASPAR FAM is normalized to 100.
bAs the patterns in JASPAR phyloFACTS are not experimentally linked to cognate factors, the structural classes are unknown.
cThe MySQL server is at jasper.genereg.net (user: anonymous, password: jaspar).
D96 Nucleic Acids Research, 2006, Vol. 34, Database issueindicating that phyloFACTS serves as a complementary pro-
ﬁle collection to JASPAR CORE (see Supplementary Data for
details of the validation procedure).
AVAILABILITY, API AND DISTRIBUTION
5 TheJASPARwebportaladdress providesagraphicalinterface
for casual users, enabling browsing and database search func-
tions, as well as basic sequence search functionality for selec-
ted proﬁles. In addition, novel proﬁles entered by users can be
compared to proﬁles in the three datasets using matrix align-
10 ment algorithms (10).
The TFBS module for the Perl programming language (13)
has extensive support for the JASPAR database and can be
considered an application programming interface to the data-
base. This approach is recommended for power users.
15 The JASPAR database and underlying datasets are available
for download with no restrictions from the JASPAR portal. In
addition, users can access the underlying MySQL database
anonymously (Table 1).
FUTURE DIRECTIONS: EXPANSION, USER
20 SUBMISSION AND UNIVERSAL DATA MODEL
In the future, we shall see an increasing number of TFBS
models produced by diverse approaches. Those methods
will vary in scope, reliability and the depth of biological val-
idation. For instance, the recently launched ENCODE project
25 (14) is anticipated to produce a large number of genome-wide
chip–CHIP (15) experiments for a wide selection of TFs,
potentially leading to a new cadre of proﬁles. Therefore,
the new meta-database model provides the required ﬂexibility
for the growth of the JASPAR collections. JASPAR CORE
30 will remain faithful to the original purpose as the central open-
access repository of high-quality, experimentally veriﬁed
proﬁles that will continue to expand by expert curation.
As a community resource, JASPAR is introducing a user
data submission mechanism which enables users to submit (i)
35 individual models with sufﬁcient experimental evidence to
JASPAR CORE, or (ii) whole collections of annotated matrix
proﬁles that share the scope, origin and mechanism of gen-
eration. The submission form is available at http://jaspar.
genereg.net.
40 As part of a larger effort, the development of a universal
data model and the associated input and curation tools for
annotated TF binding data is under way. The ultimate goal
is not only to have an open-access binding proﬁle repository,
but also the most comprehensive collection of information
45 about TFs and their binding sites. We strongly encourage
researchers supporting the open-access database model to
use JASPAR as a means for sharing models and datasets
with the research community.
SUPPLEMENTARY DATA
50 Supplementary Data are available at NAR Online.
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